ABSTRACT: The measurement of macroinvertebrate biomass involves time-consuming procedures and the destruction of specimens. However, from simple wet weight (WW) measurements, conversion factors provide rapid estimates of ash-free dry weight (AFDW) that facilitate large-scale comparisons of secondary production and energy flow. From a compilation of published and unpublished data, we have calculated general conversion factors for 28 taxonomic groups of benthic marine macroinvertebrates, as well as for several species of commercial importance. Despite methodological and regional &fferences among studies, narrow confidence limits surrounded mean values for converting from WW to AFDW for polychaetes (16%), prosobranch gastropods (7.5%). bivalves (5.8%), amphipods (16%), and decapods (16.5 %).
INTRODUCTION
Marine research on population dynamics, energy flow, food web interactions, and fishery yields is dependent on estimates of biomass and secondary production, which are normally based on dry weights (Crisp 1975 , Warwick 1980 , Holrne & McIntyre 1984 . Dry weight measurements involve laborious, time-consuming procedures and the destruction of specimens (Holrne & McIntyre 1984) . Many researchers calculate mathematical conversion factors from subsamples to facilitate dry weight determinations for a large volume of material (e.g. Ellis 1960 , Lie 1968 , Trevallion et al. 1970 , Eleftheriou & Basford 1989 ; this practice allows time for increased sampling effort and more precise taxonomic identifications, which have gained irnportance with increased interest in biodiversity. The usefulness of specific weight-to-weight conversion factors was recognized by Thorson (1957) , Lappalainen & Kangas (1975), and Rumohr et al. (1987) , all of whom published compilations of conversion factors for marine macroinvertebrates based primarily on specimens from the Baltic Sea region. Their algorithms have been used for estimating biomass of populations from disparate geographic areas such as northwest Africa (Duineveld et al. 1993 ) and the Atlantic coast of North America (O'Connor 1972 , Croker et al. 1975 , because more general and widely-applicable conversion factors are unavailable.
In this paper, we extend the efforts of Baltic Sea researchers by assembling a comprehensive compilation of weight-to-weight conversion factors for marine and estuarine macroinvertebrate taxa, using data obtained from as many species and geographic regions as possible. Our goal is to facilitate general biomass estimates for a broad range of marine benthic studies, especially large-scale spatial and temporal comparisons of secondary production and energy flow (e.g. Petersen & Curtis 1980 , Tumbiolo & Downing 1994 , which have previously relied upon very rough approximations of weight-to-weight relationships for standardization of data.
METHODS
Weight-to-weight relationships for individual macroinvertebrate taxa were gathered from 42 published and unpublished studies. Specifically, we sought data to convert ash-free dry weight (AFDW) to wet weight (WW), shell-free dry weight (SFDW) to wet weight, and ash-free dry weight to shell-free dry weight (i.e. ash content of dry tissues). In most of these studies, wet weights were determined from fresh material; otherwise, specimens were preserved in formalin (or, less commonly, alcohol) prior to weighing. Wet weights of molluscs and echinoderms include their shells because they are organically connected, while nestling species such as tube-dwelling polychaetes and hermit crabs were weighed without their tubes or shells. For SFDW determinations, the shells and exoskeletons of molluscs and echinoderms were removed manually, or the tissues were dissolved from shells using a dilute HCl solution. We excluded data from studies that used bleach (NaC10) to dissolve organic matter, as this treatment causes an overestimation of SFDW (Palmerini & Bianchi 1994) . In general, SFDW was obtained by drying specimens to constant weight in an oven at temperatures of 60 to llO°C, and AFDW was determined by incineration at 450 to 500°C in a muffle furnace.
Data were obtained for >570 species. Mean conversion values were calculated for each study that reported more than one value for a given species. Grand arithmetic means were calculated for 28 major taxonomic groups, and 95% confidence limits were determined using a table of t values (Sokal & Rohlf 1981) . Values from studies cited in more than one review or compilation (e.g. Vinogradov 1953 , Thorson 1957 were used only once in our calculations.
Conversion factors based on fresh and preserved (alcohol and formalin) wet weights were compared for major taxa for which sufficient data were available; we chose, a priori, to compare groups for which we obtained at least 4 mean values. , 3, 4, 7, 10, 11, 13, 15, 17, 18, 20. 27, 30, 34, 35, 36, 37. 40 
RESULTS AND DISCUSSION
Data are presented for major taxa (Table 1 ) and species of commercial importance ( Table 2) . Despite regional and methodological differences between studies, narrow confidence limits surrounded mean conversion factors for polychaetes, prosobranch gastropods, bivalves, arnphipods, and decapods (Table 1) . AFDW/WW ratios for these taxa had standard errors that were less than 6% of the mean, suggesting that they would produce useful estimates of biomass. Literature data are scanty for several other common taxa including cnidarians, ectoprocts, ascidians, nemerteans, echinoids, crinoids, and brachopods; nevertheless, we provided values for these groups when available.
Although preservation in alcohol or formalin may cause substantial changes in weight and tissue composition of invertebrates with time (Thorson 1957 , Lappalainen & Kangas 1975 , Dare 1976 , Mills et al. 1982 , Brey 1986 , Dauvln & Joncourt 1989 , mean conversion factors based on fresh vs preserved weights differed only slightly for most major taxa (Table 3) , possibly because of short exposure periods prior to weighing. However, a large weight reduction (about one-third) was evident in sedentary polychaetes. Preservation in formaldehyde/seawater solutions (4 to 10% f o r m a h ) tends to produce much smaller weight changes than in concentrated alcohol (Mills et al. 1982) , but long-term storage in both media may cause substantial SFDW or AFDW reductions in annelids and bivalves (Dare 1976 , Mills et al. 1982 , Brey 1986 (Richards & &chards 1965 , Palmerini & Bianchi 1994 , drying temperature and exposure (Lappalainen & Kangas 1975 , Sisula & Virtanen 1977 . In addition, Rumohr et al. (1987) suggested that lower salinities may lead to higher AFDW/WW ratios in molluscs; to our knowledge, this hypothesis has not been tested. Among different regional studies, variation in conversion factors for bivalves appears to be high relative to other groups (Table 4 ). This may b e because some values were based entirely on fresh weights (Ellis 1960, E. Bourget unpubl.) , while others were based on f o r m a h or alcohol wet weights. In contrast, values for crustaceans are remarkably consistent among studies, despite diverse environmental conditions (Table 4) .
By averaging over large numbers of studies and species, we have derived mean conversion factors with narrow confidence limits for bivalves, crustaceans, polychaetes, and other major taxa ( 
